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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a composition wherein readily magnetizable axes of hard magnetic 
phases are oriented in a uniaxial direction, by deforming, with pressure, a quenched thin strip of alloy 
material in uniaxial direction while being heated. 

SOLUTION: A hard magnetic phase of an anisotropic rare earth permanent magnet is composed of 
Nd2Fe14B, and a soft magnetic phase thereof contains at least one or more kinds from bcc-Fe, Fe3B and 
Fe2B, the percentage of which being 10-90% of the entire volume. The melt of this composition alloy is 
quenched to obtain a quenched thin strip of alloy in a form of amorphous, or a mingling of amorphous and 
christallites. The composition of this case is so made that the hard magnetic phase and the soft magnetic 
phase are finely dispersed and deposited by heat treatment. Subsequently, a sample from the resultant is 
subjected to grinding, followed by deformation, with pressure, at a high temperature, thereby obtaining the 
anisotropic rare earth permanent magnet having a composition wherein readily magnetizable axes of the 
hard magnetic phases are oriented in uniaxial direction. 
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CLAIMS 



[Claim(s)] 

[Claim 1] An anisotropy rare earth permanent magnet characterized by arranging an easy axis of a hard 
magnetism phase with an one direction by carrying out application-of-pressure deformation at 1 shaft 
orientations in a rare earth permanent magnet which has an internal organization which a hard magnetism 
phase and a soft magnetism phase distributed minutely where an alloy raw material of a quenching thin 
band is heated. 

[Claim 2] An anisotropy rare earth permanent magnet according to claim 1 whose hard magnetism phase is 
Nd2Fe14B and whose volume percentage of a soft magnetism phase a soft magnetism phase contains at 
least one or more sorts in bcc-Fe, Fe3B, and Fe2B f and is 10 - 90%. 

[Claim 3] a hard magnetism phase — Nd2(Fe, Co) 14B it is — a soft magnetism phase — Fe-Co An alloy, 
3(Fe, Co) B, and 2B (Fe, Co) An anisotropy rare earth permanent magnet according to claim 1 whose 
volume percentage of a soft magnetism phase at least one or more sorts are included inside, and is 10 - 

90%: 

[Claim 4] a hard magnetism phase — Sm2Co17 Sm2 (Fe, Co) 17 [ or ] — it is — a soft magnetism phase - 

- Co — or — An anisotropy rare earth permanent magnet according to claim 1 whose volume percentage 
of a soft magnetism phase a Fe-Co alloy is included and is 10 - 90%. 

[Claim 5] A hard magnetism phase is Sm (Fe, M1)12. Or it is Sm (Fe, Co, M1)12. a soft magnetism phase — 
bcc-Fe — or — A Fe-Co alloy and Fe-M1 an alloy — Fe-M1 At least one or more sorts in an intermetallic 
compound, Fe~Co-M1 alloy, and Fe-Co-M1 intermetallic compound are included (however, M1). An 
anisotropy rare earth permanent magnet according to claim 1 one or more sorts in Ti, V, Cr, Mo, Si, and Cu 
and whose volume percentage of a soft magnetism phase are 10 - 90%. 

[Claim 6] a hard magnetism phase — Sm2Fe17 a nitride or Sm2 (Fe, Co) 17 nitride — it is — a soft 
magnetism phase — bcc-Fe — or — An anisotropy rare earth permanent magnet according to claim 1 
whose volume percentage of a soft magnetism phase a Fe-Co alloy is included and is 10 - 90%. 
[Claim 7] A hard magnetism phase is a FeX (Nd, M2) nitride or (Nd, M2) (Fe, Co) X. It is a nitride (however, 
5<=X<=12). A soft magnetism phase is bcc-Fe and Fe-M2. An alloy and Fe-M2 An intermetallic compound, 
Fe-Co At least one or more sorts in an alloy, Fe~Co-M2 alloy, and Fe-Co-M2 intermetallic compound are 
included (however, M2). An anisotropy rare earth permanent magnet according to claim 1 one or more sorts 
in Ti, V, Zr, Nb, Hf, Ta, Si, and aluminum and whose volume percentage of a soft magnetism phase are 10 - 
90%. 

[Claim 8] Anisotropy rare earth magnet powder obtained by grinding a magnet according to claim 1. 
[Claim 9] Anisotropy rare earth permanent magnet powder according to claim 8 whose hard magnetism 
phase is Nd2Fe14B and whose volume percentage of a soft magnetism phase a soft magnetism phase 
contains at least one or more sorts in bcc-Fe, Fe3B, and Fe2B, and is 10 - 90%. 

[Claim 10] a hard magnetism phase — Nd2(Fe, Co) 14B it is — a soft magnetism phase — Fe-Co An alloy, 
3(Fe, Co) B, and 2B (Fe, Co) Anisotropy rare earth permanent magnet powder according to claim 8 whose 
volume percentage of a soft magnetism phase at least one or more sorts are included inside, and is 10 - 
90%. 

[Claim 11] a hard magnetism phase — Sm2Co17 Sm2 (Fe, Co) 17 [ or ] — it is — a soft magnetism phase 

— Co — or — Anisotropy rare earth permanent magnet powder according to claim 8 whose volume 



percentage of a soft magnetism phase a Fe-Co alloy is included and is 10 - 90%. 

[Claim 12] A hard magnetism phase is Sm (Fe, M1)12. Or it is Sm (Fe, Co, M1)12. a soft magnetism phase - 
- bcc-Fe — or — A Fe-Co alloy and Fe~M1 an alloy — Fe-M1 At least one or more sorts in an 
intermetallic compound, Fe-Co-M1 alloy, and Fe-Co-M1 intermetallic compound are included (however, 
M1). Anisotropy rare earth permanent magnet powder according to claim 8 one or more sorts in Ti, V t Cr, 
Mo, Si, and Cu and whose volume percentage of a soft magnetism phase are 10 - 90%. 
[Claim 13] a hard magnetism phase — Sm2Fe17 a nitride or Sm2 (Fe, Co) 17 nitride — it is — a soft 
magnetism phase — bcc-Fe — or — Anisotropy rare earth permanent magnet powder according to claim 
8 whose volume percentage of a soft magnetism phase a Fe-Co alloy is included and is 10 - 90%. 
[Claim 14] A hard magnetism phase is a FeX (Nd, M2) nitride or (Nd, M2) (Fe, Co) X. It is a nitride (however, 
5<=X<=12). A soft magnetism phase is bcc-Fe and Fe~M2. An alloy and Fe-M2 An intermetallic compound, 
Fe-Co At least one or more sorts in an alloy, Fe-Co~M2 alloy, and Fe-Co-M2 intermetallic compound are . 
included (however, M2). Anisotropy rare earth permanent magnet powder according to claim 8 one or more 
sorts in Ti, V, Zr, Nb, Hf, Ta, Si, and aluminum and whose volume percentage of a soft magnetism phase are 
10-90%. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to an anisotropy rare earth 

permanent magnet and magnet powder. 

[0002] 

[Description of the Prior Art] current and rare earth permanent magnet A Sm-Co system and Nd-Fe-B 
although the system etc. is fertilized — especially — magnetic properties with an expensive Nd-Fe-B 
magnet — having — moreover, Sm-Co Since material cost is low as compared with a system magnet, need 
is growing. This Nd-Fe-B Some processes are developed by the permanent magnet. But the manufacture 
method that industrialization is progressing is a sintering process. Although it has the organization which 
this sintered magnet made the main phase Nd2Fe14B which has **********, and contained Nd rich phase 
and the Nd1.1Fe4 B4 phase (B rich phase) further After grinding the alloy which dissolved by the 
presentation with Nd and B to several micrometers fines and arranging an easy axis with an one direction 
with shaping among a magnetic field rather than Nd2Fe14B stoichiometric composition as a process, 
[ superfluous a little ] It sinters at the temperature near 1 100 degree C, and the method of carrying out 
low-temperature aging treatment further (M. Sagawa et al and Japanese Journal of Applied Physics 26 
(1987) 785) is learned. Coercive force is discovered in an interface being cleaned with Nd rich phase in 
which the Nd2Fe14B main phase enclosed the perimeter, and it becomes an anisotropy permanent magnet. 
On the other hand, the method of producing a quenching thin band alloy and producing a magnet based on 
this by the melt span method for blowing off and carrying out high-speed coagulation of the molten metal 
of a magnet presentation on a roll kneader, is also developed (R. W.Lee, Physics Letter 46 (1985) 790, etc.). 
Although this magnet similarly makes Nd2Fe14B the main phase, the diameter of crystal grain is small 
compared with 20 to 100 nm, and a sintered magnet, and it has become the reason of coercive force that it 
is single domain particle size. There are three types of these. Although this is easy a process, it is not 
equal to an one direction, and since pack density is low, magnetic properties are inferior [ it mixes / resin 
and /, and the 1st type fabricates what ground the quenching thin band and is used as a bond magnet, and 
/ it is isotropy, and ] in an easy axis. The 2nd type carries out the hotpress of this quenching thin ****, 
and is used as an isotropic bulk magnet, and the 3rd type performs hot working to this further, and 
arranges an easy axis in the application-of-pressure direction (JP,60-100402,A etc.). 
[0003] On the other hand, while next-generation magnet retrieval of the further high performance is 
performed, the nano composite magnet attracts attention in recent years (E. F.Kneller et al and IEEE 
Transaction Magnetics 27 (1991) 3588 others). Fe(s), such as bcc-Fe and Fe3B of what makes the main 
phase the Nd2Fe14 B phase the above-mentioned sintered magnet and whose quenching magnet are hard 
magnetism phases, and Fe2B, — the rich soft magnetism phase is not included. On the other hand, a nano 
composite magnet consists of an organization where the hard magnetism phase and the soft magnetism 
phase carried out detailed distribution to dozens of nm order, and by the exchange interaction, by Lycium 
chinense with an epilogue, magnetization of a bi-phase is not easily reversed and serves magnetization of a 
soft magnetism phase like a hard magnetism phase single as a whole. Higher saturation magnetization may 
be obtained also in the combination of the existing material, without spoiling coercive force by this. It 
anisotropy-ized in count. Sm2Fe1 7N3/Fe-Co It sets and the value of (BH) max =137 MGOe is reported (R. 



Skomski et al f Physical Review B 48 (1993) 15812). As the example of an experiment which produced the 
nano composite magnet actually, Former Nd2Fe14B/Fe3B (R. Coehoorn et al and Journal de Physique 
49(1988) C 8-669), Nd2Fe14 B/Fe (JP.7-1 73501 f A and JP/7-1 7641 7,A — ) L Withanawasam et al and 
Journal of Applied Physics 76 (1994) 7065 etc. Combination, such as Sm2Fe17N3/Fe (J. Ding et al, Journal 
of Magnetism and Magnetic Materials 124 (1993)L1), is reported, however, the quenching thin band 
according each to the melt span method as the production method of a detailed distribution organization 
currently performed by these researches and mechanical alloying (MA) — since means to heat-treat and 
microcrystaUze the amorphous alloy powder obtained by law are taken, the way things stand, crystal 
orientation cannot arrange as well as the 1st above-mentioned type, but only an isotropic thing is obtained 
magnetically . Therefore, there is no report which produced the anisotropy nano composite magnet to this 
time, and it waits for the implementation. 
[0004] 

[Problem(s) to be Solved by the Invention] Thus, although the nano composite permanent magnet which 
has a magnetic anisotropy is reported by count and theory, there is no report actually produced until now. 
This invention makes it a technical problem to realize an anisotropy rare earth permanent magnet with the 
organization to which the hard magnetism phase and the soft magnetism phase distributed minutely, and 
the easy axis of a hard magnetism phase is equal by adding the further amelioration to the conventional 
production method. 
[0005] 

[Means for Solving the Problem] In order to solve this problem, as a result of inquiring wholeheartedly, by 
carrying out hot working of the quenching thin band alloy of a presentation in which a hard magnetism 
phase and a soft magnetism phase carry out a detailed distribution deposit by heat treatment, this 
invention persons established a header and terms and conditions for the above-mentioned rare earth 
permanent magnet being obtained, and completed this invention. That summary has the easy axis of a hard 
magnetism phase in anisotropy rare earth magnet powder obtained by an anisotropy rare earth permanent 
magnet arranged with an one direction, and this grinding in a rare earth permanent magnet which has an 
internal organization which a hard magnetism phase and a soft magnetism phase distributed minutely by 
carrying out application-of-pressure deformation at 1 shaft orientations, where an alloy raw material of a 
quenching thin band is heated. 
[0006] 

[Embodiment of the Invention] The hard magnetism phase of the above-mentioned anisotropy rare earth 
permanent magnet Nd2Fe14B and Nd2(Fe, Co) 14B, Sm2Co17, Sm2 (Fe, Co) 17, and Sm (Fe, M1)12, Sm 
(Fe, Co, M1)12 (M1 [ however, ] — Ti, V, Cr, and Mo — ) One or more sorts in Si and Cu, and Sm2Fe17 A 
nitride, Sm2 (Fe, Co) 17 nitride, (Nd, M2) a FeX nitride or (Nd, M2) (Fe, Co) X nitride (5<=X<=1 2 and M2 — 
Ti — ) [ however, ] It is the phase chosen from one or more etc. sorts in V, Zr, Nb, Hf, Ta, Si, and aluminum 
etc. A soft magnetism phase is bcc-Fe, Fe3B, Fe2B, and Fe-Co. Alloy, (Fe, Co) 3B, 2B (Fe, Co), and Fe-M1 
Alloy, Fe-M1 An intermetallic compound, Fe-Co-M1 alloy, Fe-Co-M1 intermetallic compound, Fe-M2 An 
alloy and Fe~M2 At least one or more sorts, such as an intermetallic compound, Fe~Co-M2 alloy, and Fe- 
Co-M2 intermetallic compound, are included, and the volume percentage of a soft magnetism phase is 10 - 
90%. 

[0007] The hard magnetism phase of the above-mentioned magnet powder Moreover, Nd2Fe14B and 
Nd2(Fe, Co) 14B, Sm2Co17, Sm2 (Fe, Co) 17, and Sm (Fe, M1)12, Sm (Fe, Co, M1)12 (M1 [ however, ] — Ti, 
V, Cr, and Mo — ) One or more sorts in Si and Cu, and Sm2Fe17 A nitride, Sm2 (Fe, Co) 17 nitride, (Nd, 
M2) a FeX nitride or (Nd, M2) (Fe, Co) X nitride (5<=X<=12 and M2 — Ti — ) [ however, ] It is the phase 
chosen from one or more etc. sorts in V, Zr, Nb, Hf, Ta, Si, and aluminum etc. A soft magnetism phase is 
bcc-Fe, Fe3B, Fe2B, and Fe-Co. Alloy, (Fe, Co) 3B, 2B (Fe, Co), and Fe-M1 Alloy, Fe-M1 An intermetallic 
compound, Fe-Co-M1 alloy, Fe-Co-M1 intermetallic compound, Fe-M2 An alloy and Fe-M2 At least one or 
more sorts, such as an intermetallic compound, Fe-Co~M2 alloy, and Fe~Co-M2 intermetallic compound, 
are included, and the volume percentage of a soft magnetism phase is 10 - 90%. 

[0008] Below, this invention is explained to a detailed description. The final organization consists of the 



condition that the hard magnetism phase and the soft magnetism phase distributed minutely, and the easy 
axis of a hard magnetism phase was arranged with the one direction, in this invention. A hard magnetism 
phase Nd2Fe14B, Nd2(Fe, Co) 14B. and Sm2Co17, Sm2 (Fe, Co) 17, Sm (Fe, M1)12, and Sm (Fe, Co, M1)12 
(M1 [ however, ] — Ti — ) One or more sorts in V, Cr, Mo, Si, and Cu, following **, and Sm2Fe17 Nitride, 
Sm2 (Fe, Co) 17 nitride, a FeX (Nd, M2) nitride, or (Nd, M2) (Fe, Co) X nitride (5<=X<=12 and M2 — Ti — ) 
[ however, ] It is the phase chosen from one or more sorts in V, Zr, Nb, Hf, Ta, Si, and aluminum, following 
**, etc. A soft magnetism phase is bcc-Fe, Fe3B, Fe2B, and Fe-Co. Alloy, (Fe, Co) 3B, 2B (Fe, Co), and 
Fe-M1 Alloy, Fe-M1 An intermetailic compound, Fe-Co-M1 alloy, Fe-Co-M1 intermetallic compound, Fe- 
M2 An alloy and Fe~M2 At least one or more sorts, such as an intermetallic compound, Fe-Co~M2 alloy, 
and Fe~Co-M2 intermetallic compound, are included, and the volume percentage of a soft magnetism phase 
is 10 -90%. 

[0009] Production of this magnet is performed as follows. The quenching thin band alloy with which the 
melting object of a predetermined presentation alloy was first quenched, and the microcrystal was 
intermingled as it is amorphous or amorphous is produced. The presentation at this time is considered as a 
presentation in which a hard magnetism phase and a soft magnetism phase carry out a detailed distribution 
deposit by heat-treating. Moreover, it is made for the volume rate of the soft magnetism phase in a final 
sample to become 10 - 90%. At less than 10%, improvement in saturation magnetization is slight and there 
is no merit used as a nano composite magnet. Moreover, when it exceeds 90%, there are too few hard 
magnetism phase rates, and magnetic coercive force lowering is remarkable. 

[0010] When a concrete material is described, for example the combination of a hard magnetism phase / 
soft magnetism phase is Nd2Fe14 B/bcc-Fe hereafter When it is desirable to consider as the presentation 
of an about [ Fe-2-10at% Nd-1-8at%B ] and it is Nd2Fe14B/Fe3B The presentation of an about [ Fe-2- 
10at% Nd-15-25at%B ] is desirable. Moreover, in the case of Nd2Fe14 B/Fe2B, it is. The presentation of an 
about [ Fe-2-10at% Nd~25-35at%B ] is desirable. Moreover, by choosing these medium presentations, it 
can also be made the organization in which soft magnetism phases, such as bcc-Fe, Fe3B, and Fe2B, live 
together. 

[001 1] replacing a part of Fe by Co — Nd2 (Fe, Co)14B/Fe-Co An alloy, Nd2 (Fe, Co)14B / (Fe, Co) 3B, 
and Nd2 (Fe, Co)14B / (Fe, Co) 2B etc. — it is good also as a combination. In order to raise a property 
furthermore, some kinds of elements chosen from aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, Zn, Ga, germanium, 
Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Hf, Ta, W, Re, Os, Ir, Pt, Au, TI, Pb, Bi, etc. may be added in the 
form where Fe is replaced. If there are too many additions at this time, in order to cause lowering of 
saturation magnetization, as for the amount of substitute, many and less than [ 5at% ] are desirable. 
Moreover, in order to raise coercive force further, other rare earth elements, such as Pr, Tb, Dy, and Ho, 
may replace a part of Nd. 

[0012] The presentation of a Co-2-10at%Sm degree is desirable the time of a hard magnetism phase / soft 
magnetism phase being Sm2Co1 7 / Co. Moreover, a part of Co may be replaced by Fe, and it may consider 
as an Sm2(Fe, Co) 17-/Fe-Co alloy, or you may replace by the above-mentioned element group for the 
improvement in a property, and a part of Sm may be further replaced by other rare earth elements and 
misch metals, such as Ce. 

[0013] A hard magnetism phase / soft magnetism phase Although M1 element is required in order to 
stabilize the one to 12 above-mentioned crystal structure when it is Sm(Fe, M1) 12/bcc-Fe, the optimal 
presentation changes with elements, for example, SmFel 1 Ti is stable at the time of M1=Ti — carrying out 
— the times, such as V, Cr, Mo, and Si, — SmFel 0M 12 Since it is easy to stabilize, a start presentation is 
adjusted according to an element. Moreover, a soft magnetism phase is Fe~M1 in addition to bcc-Fe. An 
alloy and Fe-M1 You may be an intermetallic compound. Furthermore, a part of Fe is replaced by Co, and it 
is Sm (Fe, Co, M1)12/Fe-Co. An alloy, Consider as Sm (Fe, Co, M1)12/Fe-Co-M1 alloy and Sm (Fe, Co, 
M1)12/Fe-Co-M1 intermetallic compound, or In order to raise a property furthermore aluminum, Mn, nickel, 
Cu, Zn, Ga, Some kinds of elements chosen from germanium, Zr, Nb, Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Hf, Ta, 
W, Re, Os, Ir, Pt, Au, TI, Pb, Bi, etc. may be added in the form where Fe is replaced. Furthermore, other 
rare earth elements may replace a part of Sm. 



[0014] The presentation of a Fe-2-10at%Sm degree is desirable the time of a hard magnetism phase / soft 
magnetism phase being Sm2 Fe17 nitride / bcc-Fe. Nitriding of a hard magnetism phase is simultaneously 
performed at the time of heat treatment of an after process. Also in this case, a part of Fe is replaced by 
Co ( and they are Sm2 (Fe, Co) 17 nitride / Fe-Co. It may consider as an alloy, or you may replace by the 
above-mentioned element group, and other rare earth elements may replace a part of Sm. 
[0015] A hard magnetism phase is a FeX (Nd. M2) nitride or (Nd, M2) (Fe, Co) X. When it is a nitride, About 
the FeX compound used as the radical of this nitride phase (Nd, M2), NdFe2, Nd2Fei7 etc. — although it 
has the same crystal structure as a system stability phase of 2 yuan — others and 1-7 Although many 
compounds, such as a compound, a metastable phase, etc. which are stabilized by plural systems like a 
phase and one to 12 phase, exist, therefore there is also many of the nitride When X is smaller than 5, a 
compound cannot serve as ferromagnetism easily due to a room temperature, and when X is larger than 12, 
it is hard to have sufficient magnetic anisotropy. Therefore, X of the FeX nitride which is a hard magnetism 
phase (Nd, M2) has the desirable range of 5<=X<=12. Moreover, a soft magnetism phase is not limited to 
bcc-Fe, either, but it is Fe-M2. An alloy and Fe-M2 An intermetallic compound or these may live together. 
It is what performs nitriding of a hard magnetism phase simultaneously also in this case at the time of heat 
treatment of an after process. Furthermore, a part of Fe is replaced by Co, and it is X (Fe (Nd, M2), Co). A 
nitride/Fe-Co An alloy and X (Fe (Nd, M2), Co) A nitride / Fe-Co-M2 alloy, (Nd, M2) X (Fe, Co) It may 
consider as a nitride / Fe-Co-M2 intermetallic compound etc., and you may replace by the above- 
mentioned element group, and other rare earth elements may replace a part of Nd. If some concrete 
examples are given, Fe(Nd, Zr)7 nitride / bcc-Fe, Fe7 nitride / Fe-Zr, and Fe(Nd, Zr)7 nitride / Fe3Zr, (Nd, 
Zr) (Nd, Zr) 7 (Fe, Co) A nitride/Fe-Co, Fe(Nd, Zr)9 nitride / bcc-Fe, (Nd, Zr) 9 (Fe, Co) A nitride/Fe-Co, 
and Fe(Nd, Zr) 10 A nitride/bcc-Fe, (Nd, Zr) 10 nitrides / Fe-Co, and Fe(Nd, Zr) 12 (Fe, Co) A nitride/bcc- 
Fe, 12 nitrides / Fe-Co, Fe(Nd, Nb)7 nitride / bcc-Fe, (Nd, Zr) (Fe, Co) (Nd, Nb) 7 (Fe, Co) A nitride/Fe-Co, 
and Fe(Nd, Nb) 12 A nitride/bcc-Fe, 12 nitrides / Fe-Co, Fe(Nd, Hf)7 nitride / bcc-Fe, (Nd, Nb) (Fe, Co) 
(Nd, Hf) 7 (Fe, Co) A nitride/Fe-Co, and Fe(Nd, Hf) 12 A nitride/bcc-Fe, and 12 (Fe (Nd, Hf), Co) nitrides / 
Fe-Co etc. — although it is, it is not limited to these. 

[0016] as the quenching method — a roll kneader method and Sprat — although law, the gas atomizing 
method, etc. are learned, the thing with the simple and quenching thin band by the roll kneader method 
which has good quality is obtained especially. In the roll made from Cu, it is 10 m/s. It is 50 m/s above. A 
good property is acquired at the following roll speed. 10 m/s A sample amorphous in the following cannot 
be obtained but it is 50 m/s. If it exceeds, crystallization by the next heat treatment process will become 
difficult. Next, after grinding this sample, application-of^pressure deformation is carried out at an elevated 
temperature. The method (refer to JP,60-100402,A) of performing hot form, an extrusion method (Kojima 
et al. and the Magnetics Society of Japan 12 and 219 (1988)), a pack rolling method (Sakamoto et al. and 
the Magnetics Society of Japan 16 and 147 (1992)), the method (refer to JP.7-871 56,B) using impact 
pressure, etc. are used after solidification shaping by the hotpress as the method of application-of- 
pressure deformation, these — each — the former although used as the production method of a Nd-Fe-B 
system anisotropic magnet — Nd2Fe14B stoichiometric composition — Nd — being tried about the rich 
presentation — receiving — this invention — each — the presentation with less rare earth than the 
stoichiometric composition of a hard magnetism phase — it is — bcc-Fe and Fe-Co It is aimed at a 
presentation which contains the soft magnetism phase of an alloy and others 10 to 90%, and is carrying out 
switched connection to the hard magnetism phase and the magnetic target. Thus, the obtained bulk sample 
serves as an anisotropy rare earth permanent magnet which consists of an organization with which the 
hard magnetism phase and the soft magnetism phase distributed minutely, and the easy axis of a hard 
magnetism phase was equal to the one direction. By furthermore grinding this bulk magnet, the nano 
composite rare earth magnet powder which has an anisotropy is obtained. If mixed shaping of this is carried 
out with resin, the bond magnet of a high property is producible. 
[001 7] 

[Example] Next, although an example is given and this invention is explained concretely, this invention is 
not limited to these. 



(Examples 1-16) After carrying out weighing capacity so that it may become the predetermined 
presentation which shows each pure metal in a table 1, the alloy was obtained by arc dissolution. This is 
put in in a quartz nozzle, RF dissolution is carried out in Ar ambient atmosphere, and it is 45 m/s. It 
injected on the roll made from Cu which is rotating with peripheral velocity, and the quenching thin band 
was produced. Hot working of what ground this quenching thin band and was used as powder was carried 
out by following either. In addition, the method of ** went, when using a hard magnetism phase as a nitride. 
** It is hot form in Ar ambient atmosphere again after solidification with the hotpress in Ar ambient 
atmosphere. 

** Press compression after filling up the container made from Cu and heating in Ar ambient atmosphere. 
** Fill up the container made from Cu and it is N2. It heats in an ambient atmosphere and is the press 
compression after forming a nitride. 

The number of the method chosen as a table 1 and the heat treatment temperature at that time are 
written together, internal organization of the sample after production TEM — or — It observed by the SEM 
reflection electron image, and while checking existence of the soft magnetism phase which corresponds in 
an each sample, the rate of a volume ratio was judged. The ratios Ia1/Ip1 of the magnitude Ip1 of 
magnetization of the compression direction when carrying out 20kOe magnetic field impression and the 
magnitude Ia1 of magnetization in a direction vertical to compression performed the judgment of a 
magnetic anisotropy in the sample started in the cube form. It expresses that a magnetic anisotropy is so 
large that the value of Ia1/Ip1 is small. Moreover, parallel and the ratios Ia2/Ip2 of the magnitude Ip2 and 
Ia2 of the magnetization when carrying out 20kOe magnetic field impression were perpendicularly measured 
for the powder which carried out the ball milling of this bulk sample from paraffin to hammer hardening and 
the magnetic field at this time all over 14kOe magnetic field. Ia1/Ia2 [ Ip1 and ]/Ip2 is written together to a 
table 1. 
[0018] 
]A table 1] 





^ & m m 








I.i 

/Li 


I.« 


mmm i 


NdsFe7«Bic 


CD 


850 


0.60 


0. 55 


0.83 


&mm 2 


Nd«Fe?aBis 


<z> 


75D 


0.B5 


0.88 


0.88 


mmm 3 


NdaFeasBc 




900 


o.ia 


0.58 


0.55 


mmm 4 


KdaFearBt 


cz> 


700 


0.22 


0. 52 


0.49 


mmm 5 


NdnFej tCo i <JU 


<z> 


SOO 


0.24 


0. 45 


0.44 


mmm s 


NdsFeatCotoIU 


<2> 


750 


0.50 


0.35 


0.34 


mmm i 






1000 


0.31 


0.50 


0.49 


mmm 8 


SnrFei»Co ao 


© 


1000 


0.25 


0.55 


0.56 


mmm 9 


SeuFe.afi* 




900 


0.42 


0.51 


0.49 


0 


SmaFeaoCoiaTis 




900 


0.30 


0.76 


0.76 


msmi i 


Sm«Fesdfc).o 


© 


900 


0.11 


0.88 


0.85 


mmmi 2 


SauFearSi B Cua 




8S0 


0.25 


0. 77 


0-75 


msmi 3 


Sn.Fe.4-tf* 


<3> 


600 


0.53 


0.81 


0.82 




Sn«Fe* a Coi a -Nx 


<3> 


600 


0.50 


0. 84 


0.84 




NdTZr^Fc-flx 


<3> 


600 


0.21 


0. 93 


0.91 


6 


Ndo Zr i F6« t Co a — 


<2> 


600 


0.29 


0. 88 


0.86 


itnm i 


NdaFe« bBb 




850 


0.13 




0.98 



[0019] (Example 1 of a comparison) After using as powder the quenching thin band alloy produced like the 
example by the presentation shown in a table 1, it is among Ar ambient atmosphere as it is. It heated, 
asked and came out at 850 degrees C, and compression processing was not performed at all. In this, as it 
was, all over 14kOe magnetic field, hammer hardening and when the ratios Ia2/Ip2 of Ip2 and Ia2 were 
measured similarly, it is 0.98 and the magnetic anisotropy was not accepted from paraffin. 
[0020] 

[Effect of the Invention] According to this invention, the anisotropy rare earth permanent magnet and 
magnet powder to which the easy axis was equal can be obtained. 



[Translation done.] 
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/ 

feet t-r * ji*tt*±«*^*5. 

[H**2] «B«ttffl3&«Nd2Fei4BT»D. tfcBttffl# 
bcc-Fe, Fe3B, Fe2B<D 5 £ fe 1 aeUzS^A/e 

1 E*©»#tt:»±!K**JfcE. 

[»**3] ««ttffl3&*Nd2(Fe.Co)i4B T*0, *« 
ttffiOTe-Co (Fe, Co) 3B , (Fe, Co) 2B ©5 "6** 

< £%> ia.^±£^A,T43i3, a^tJcBttta ©#*«£- 
5. 

[»#H4] «ttttffi^Si2Coi7 feb<«Sm 2 (Fe,Co) 
17T&0, tt«ttffi#Cofeb<tt FeHto£&£**/C43 
0, ^t3|kattffi«O#a«^3&«10~90XT?*<&ll!*Sl 

[M#3i5] «BB(ttffi^Si(Fe.Ml).i2 fe b < teSm (Fe, 
Co, Ml) 12T&D, *«ttffl««bcc-Fe , bb<tt Fe-Co^ 
Fe-Ml ^r&. Fe-Ml &MIKHb£4fe. Fe-Co-Ml^*. 
Fe-to-Ml&*WHb£tt©3'fe^fc< ifcllKl^ 
T43D (fc/cbMlte, Ti. V, Cr, Mo, Si. Cu©5"£© 

iaa±) , 3&»'3tt«ttffi©«:a«^3ft*io~9oxT*s 

6 ] ««ttffij&«Si2Fei7 Mb#)fe b< «Sm 

2 (Fe, Co) tfSEflsftT?* V) , WBttffl j&Uxx-Fe fe b < « F 
e-Co£&£^A/T'*5 0 , ;&O«c«effl©#«M£tf«10~ 
90%T**B!f:i»B 1 |H«CD»*tt#±SS*^«5. 

7 ] mW&m (Nd. M2) FexStfb* fe b < tt (N 
d,M2) (Fe, Co) x Sfbtl (fc£L5£X£12) T&D. $fc 
«tt«3&*bcc-Fe. Fe-M2 Fe-M2 &AHiq{b£<Ki. Fe 
-Co Fe-Co-M2£&, Fe-Co-M2&«|HHb£»©3-& 
^<tfcli»±^T*0 (fc«bM2«, Ti, 
V, Zr, Nb, Hf, Ta, Si, Al©5 "6© 1 «K±> , J&o 
tt«ttffl©#Sffl^#10~90XT»SK3R* 1 IE«©g 

[If #31 8] »*B1E*©«5S»5M-5£4:KJ: 

Hf#H9J ««ttffl*«Nd2Fei4BT*0. tfc«B14fBrt* 
bcc-Fe, Fe3B, Fe2B© 5 £ fe 1 !K±StA;T? 

43 0. *»o«t«ttffl©««tl^3&«10~90%T»*BI*3S 
8 K*©S;frtttf ±«*A>«5»*. 

[sf 1 0 ] «8&fg*<Nd2 (Fe, Co) 14B TSO. t 
Bttffi**Fe-Co (Fe, Co) 3B . (Fe. Co) 2B ©?£'> 

&<t"biaei±*^T*o, aow8ttffl©#:s»9 
1 o~9o % x-$> z> mxm 8 ie«© ji>&tt*±«* a.« 

H»*B1 1] ««tt«A*Su2Coi7 fe b < «Sm2 (Fe, C 



(2) 

2 

o) 17T* 0 . ttffittffitfCofe b < Fe-Co£&£^A,T 

43 0, *»t?*attffi©flc««#3ft«io-9oxT*sai*a 
8 e«©a>&tt*±sa*^*5»*. 

[M$g 1 2 ] «tt&ffitfSi (Fe, Ml) 12 fe b < teSm (F 
e, Co.Ml)i2T£D. IMBttffijWxx-Fefc b < ft Fe-Co£- 
&. Fe-Ml Fe-Ml &JRNHb£*K Fe-Co-M13"&, 

Fe-Co-Ml&«H{b^l©?£4>&< tfe 1 «£U:£^ 
T'43 0 CfcfcbMlte, Ti, V, Cr, Mo, Si, Cu©-5*>© 
' lift!) , A»-3tt«ttffl©{MMPl^*«10~90XT*a 

>o M*3a8ia*©ji*tt#±a*^a5»*. 

maem 1 3 j ««e«36«si2Fei7 gfc»fe b< «s« 

2(Fe.Co)i7^t:«-Xf*D. Uc»ttffi*«bcc-Fefe b< tt F 
e-Co-£&£-grA/T?43 9, aoft«tt«©fl:8ffld£-J&«10~ 

9o*t*4bi*3H8 aE«©a*tt»±a*^«5»*. 

1 4 ] fflBttffitf (Nd, M2) Yzyg.it® fe b < it 
(Nd,M2) (Fe.Co)x SMb* <fc£L5£X^12) T*D, 
•cBteffljG»bcc-Fe, Fe-M2 Fe-M2 £JR|BHb£*i, 
Fe-Co Fe-Co-M2£&. Fe-Co-M2&R|BHb#»©3 

*4>fc< tfe i«e;±£^/uT43i9 (fcarurctt, Ti, 

20 V. Zr, Nb, Hf, Ta, Si, Al©-5*>© lia±) » 

*«ttffl©#:a«^35«10— 90X7f»*lll*5j8E«©» 

[0 0 0 1 ] 

[*w©*"r*SE*»»] n#tt*±gt*^ 

[0 0 0 2] 

[«*©fi«] Sft. «±a*^«5tt Sm-Co^, Nd-F 
e-B #fc£j&«»e<bSftT^5!&«,- »C Nd-Fe-BBSte 
30 jdS(ri«a4*tt*^rL, SfcSm-Co 3S«5Jctfc*SibT*r» 
3XhW^t4> 6.«R3&«i«* LT^«. , £©Nd-Fe- 
B ls<"o*»©«ffi«*W56SnTV»*. fe 

©«S«S«5tt, BE«SM*tt*Wr*Nd2Fei4B*.±ffit 
b, S&teNdUvf'ffl. Ndi. iFe4B4« (B'J-y^ffi) * 

^^fc*^a^^^rt5I} , , sis t bx«Nd2Fe uB^iii 

mfiE<i; 0 fe^TNd. BjBS&«j«-e*«Pb;fc£&£R/i 

m©*»c»»U«««t i i«»c<t t)«fl;«a«i*-^ 
(cfl5^.fc«, H00'Cf*iff©fiaETft|gb, 2"bHH6fiief 
40 jciMSt"^ (M. Sagawa et al, Japanese Journal of App 
lied Physics 26 (1987) 785 ) #8sJ&«$aisnT43D, Nd 
2Fe 1 4B3E*g ifim M * « 0 ffl A/ Od U y ^ffi K «k 0 #® * 

Betas, ftefr, «5ttfijG©*»siHiep-;w±k:n>c 
^ m bTi^ji^a £ ^ x/^ >mz «t o rti^i 
#^&sf^»b, cn*fett«5*^«-r«*j*fem 

5SStlTUS (R.W. Lee, Physics Letter 46 (1985) 790^ 
E) o H©«5ttraU<Nd2Fei4B*±ffifr4fe©©, 

isfle§i3&«20~ ioonit«MS«5cjt'ST^s<. mm 
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(3) 

3 

#tt«^?.o %2m^-ilT\t. M%)B$i®Z*y b? 

■i. ytt^m^e, izmmx^m Lta&jsfa \z mit®B . 

*&£fi«;t5&©Ti&3 (4#MB86 0- 1 0 0 4 0 2^ 
SBfri:) . ~ _ ' " 

[0003) s zti2>m&m<D#.wttMftMmrf ™ 

»#>T^-5 (E. F. Kneller et al, IEEE Transaction Mag 
netics 27 (1991) 3588 fill) . ±K©^S85. MJ&mU 
ttS^ttffl T & % Nd 2Fe 1 4B*@ £ t b T ^ 3 © © , 
bcc-Fe^Fe3B, Fe2B&£*©Fe'J y ^&tfcfiBttfflW:^-A,T 

£: *«ttffi^«c+Mi^— y-X'^m^m b ItlBMfr z fs. 

fbbfc Sm2Fei7N3/Fe-Co \Z&^T. (BH) max =137 MG 
0e©ffi#$6'&£nT^-5 (R-Skomski et al, Physical R 
eview B 48 (1993) 15812) . ir J a h«B5£Sl 
m \ZftM b fcHJg^J tLTtt, d T-Nd2Fe i4B/Fe3B 

(HCoehoorn et al, Journal de Physique 49 (1988) C8- 
669 ) , Nd2Fei4B/Fe 7-173501 ^ 

$8,' #S¥7- 1 7 6 4 1 7^£r$6-^>, L. Withanawasam 

et al, Journal of Applied Physics 76 (1994) 7065& so 
E) Sm2Fei7N3/Fe (J. Ding et al, Journal of Magn 
etism and Magnetic Materials 124 (1993) LI) &£©?,& 

^t»wse^nti^. b^b, rn^op^TfT 
(ma) ttictowsnfcj^^r^^wsicSJRyffla 

b T«*§IMb"r * 6ftTV>5fc». ufflgJT 

\mm<o , % i * -f 7 t m b < te^mmz.* z. t 

ST, BSSttK:*R&tt©fc©La»»5ftfcV>. bjfctfo 
Tm^TSMty3>#y 7 h&5£{£8ibfc$g 40 
ftttfc<, *-©*KjW&fcttTV>*. 
[0 0 04) 

««anTv»*t>©©, ^n*T^(;f^s$n^«§ 
tt&^. *»BJtt> f£*©fls«#ttk:asfc*8c&s;bn 

[0 0 0 5] so 



4 

ttffl i ft«ttffi**«IB»««rHl-r S «t 5 ft&fi£©;lift» 

**©£&BC*W*int» $ ftfctt«T-tt>&tf] IZMI££B 
& n 5 »#tt*&± jb«5»* (C « -5 o 

[0 0 0 6] 

#ffittNd2Fei4B. Nd2 (Fe, Co) 14B . S1112C017, Sm2(Fe, C 
0)17, Sm(Fe,Ml)i2 . Sin (Fe. Co, Ml) 12 (fcfc'bMlteTh 
V. Cr, Mo. Si, Cu©3-5©1«£U:) , Sm2Fei7 
tl, S112 (Fe. Co) i7*fls*, (Nd, M2) Vej&itta %> b < it (N 

d, M2) (Fe, Co)x SMb* (fcfcb 5 :£X^12, M2teTi, 
V, Zr, Nb, Hf, Ta, Si, AlCS*© l«£Ui) UHfr 
&atf*iaffi"Tf*D, tfci&tttltebcc-Fe, Fe3B, Fe2B, 
Fe-Co (Fe, Co) 3B , (Fe, Co) 2B , Fe-Ml Fe 
-Ml ^MfHft:^«l. Fe-Co-Ml£&, Fe-Co-Ml^JSMft-e- 
<H). Fe-M2 Fe-M2 &mWtt.&tDi* Fe-Co-M2^^. 
Fe-Co-M2^«W{b^^t*©^«c< ttlieJU:^ 
Iris 0 , 3^oft«ttffi©*Slll^3&«10~90XT?»*. 

[0 0 0 7] Sfc, ±8E«S»*©BHKttfflHNd2Fe 
14B. Nd2 (Fe. Co) 14B , S1D2C017 , Sni2 (Fe, Co) 17, Sm(F 

e. Ml) 12 . Sm(Fe, Co, Ml) 12 (fc^blllttTi, V. Cr, M 

0, Si, Cu©"5*©ia6t±) , Sm2Fen *ft», Sm2 (F 
e, Co) 1 (Nd, M2) Fex^ft^ b < H (Nd. M2) (Fe. 
Co)x*<b* (fcfc*b5^X^12, M2ttTi, V, Zr, N 
b, Hf. Ta, Si, Al©5^©lS£Ui) fc£fr&Btfn 
•SffiT^O, $);att*l«bcc-Fe, Fe3B, Fe2B, Fe-Co ^ 
^, (Fe. Co) 3B , (Fe, Co) 2B , Fe-Ml ^4fe, Fe-Ml 
W-ft-n-iil, Fe-Co-Ml-&.^, Fe-Co-Ml^S^'fb-&^, Fe-M 
2 Fe-M2 ^jSffi'fb'&4S)> Fe-Co-M2-&^, Fe-Co-M2 

t? ©#««l^3&« 1 0-90 % T * « „ 

[0008] KTt. *^BJ^pa>(ciJi^-r^„ *^a^ 

&nfc«Jfc&»e.ftt>TH*. ®®{4ffl«Nd2Fei4B, Nd 
2 (Fe, Co) 14B , S1112C017 , Sm2 (Fe, Co) 17, Sm(Fe, Ml) 
12 , Sm(Fe, Co.Ml) 12 (fcfc*bMl«Ti, V, Cr, Mo, S 

1, Cu©-5*>©lffl^±, JiJlTR) . Sm2Fei7 fift*. S 
m2 (Fe, Co) n&{t®. (Nd. M2) Fex^fc^fc b < it (Nd. M2) 
(Fe.Co)xSEflS* (fcfc*b5^X^12, M2ttTi, V. Zr. 
Nb, Hf, Ta. Si. Al©5 "£© 1 ffl&U, J^TIhI) UEfr 
61tfn5ffiT?*D. tt«ttffiJ4bcc-Fe. Fe3B, Fe2B, 
Fe-Co (Fe, Co) 3B . (Fe, Co) 2B . Fe-Ml Fe 
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-Ml '&JRMft£-4fe. Fe-Co-Ml&&, Fe-Co-Ml^JgHflfb^ 
«b\ Fe-M2 Fe-M2 ^SFdHb^tl, Fe-Co-M2£:&, 

[0 0 0 9] £©«5©fls»fimT©J:3fcfrfc:fon 

10~90% 5 10X*«Tttl6ft«Mfc®i«! 

htffcv*. *&90X*jH*5£««ttffi«£#*&-r€f 
T. «5©««MJttT*«*b^. 

[0 0 10] ECF. ft#«&«ttfct>tr>TBj£-fS£, 
«Afi««ttffl/tt«tt«<oa*^to*««Nd2Fei4B/bc 

c-FeCD^^-tCtt Fe-2~10at% Nd- 1 ~ 8 at% BSK© 
fflj&t-f 5©7iWi;b<, Nd2Fei4B/Fe3B©«^-t:fi F 
e-2~10at% Nd-15~25at%BSS©ffifieAW^ UK 
*fcNd2Fei4B/Fe2B©«^Ktt Fe-2~10at% Nd-25~ 20 
35at%Bgft©ffifig;7&*$f3:bK, ttZ.nt><D<P MSflfiK 
S»iti:tfc:«fcO, bcc-Fe, Fe3B, Fe2Bfc£©ft«ttffl 

*»*?rr saniK-r* Jit %>t*«. 

[0011] Fe©-SS^CoT«^-T S H i K «fc 0 , Nd 
2 (Fe, Co) 14B /Fe-Co Nd2 (Fe, Co) 14B / (Fe, Co) 3 

B . Nd2 (Fe. Co) 14B / (Fe, Co) 2B & £<DlRfr'&t>l£ t b 
T"fe«fcH. *6K«rtt*|Sl±d1i-*fc»k:. Al. Si, T 
i. V, Cr, Mn, Ni> Cu, Zn, Ga, Ge, Zr, Nb, Mo, T 
c, Ru. Rh, Pd, Ag, Cd, In. Sn, Hf. Ta. W, Re, 0 
s. In Pt. Au. Tl. Pb. Bifci**»SBtfft*7G*&Fe 30 

S-&*fc«>lCNd©— ffiSPr, Tb, Dy. Ho&£te©*±« 

[0 0 12] ««te«/tt«ttffija*Siii2Coi7 /Co©£:£ 
«, Co-2~10at%Sm@g©&J&rtW£bl^o £fcCo© 
-gEfcFeTB&bTSn^Fe, Co) 17/Fc-Co^tbfc 
D> #ttr&]±©itfe{C±jS©7C^PTSmbfcObTfe 
«fcV>U SSKSb©— «*Ce*<t*ffi©#±SS7c*^»5y 40 
-> 3. ^ 9 b T «t . 

[0 0 13] BHBttffl/IHBttffltf Sm(Fe,Ml) 12/bcc- 
Fe©«£. M15E*tt±IEl-12tefi«ifiS5ftSfl3-r*fc«) 

m=Ti©t*ttSBFenTi*«ftj£T»*U. V, C 
r. Mo, Si/«Ei*©t#ttSmFeioMl2 ^/^bb^T^© 

ttbcc-FefitnKFe-Ml Fe-Ml &«IHMt£*-C»o 

Tt><fcH. 3 &fcFe©-»*CoT«»bTSi(Fe. Co, Ml) 

12/Fe-Co Sm(Fe, Co, Ml) 12/Fe-Co-Ml^, Sm so 



6 

(Fe, Co. Ml) i2/Fe-Co-Ml*JRBBflS^«.t bfcO, ts *>lz 
«ttSlft±S*afc»HAl, Mn, Ni, Cu, Zn, Ga, Ge," 
Zr. Nb. Tc. Ru. Rh, Pd. Ag, Cd, In, Sn, Hf, Ta, 
W, Re. Os, Ir. Pt, Au. Tl. Pb. Bifc£#saiins 
^*€Fe««*T*#Tfa««jfc*lnb-T'6>«fcV». S5 
t:Sm©-»*ffi©#±SUc*T?fllJfttT*><tV>. 
[0 0 14] ««ttffl/ft«ttffl**Sin2 FenSMfcft/bc 
c-Fe©t*tt, Fe-2~10at%SBSft©ttJ***$?S b 

««tt«©SEflsB«xe©t»5aai^K:rafiFK:ff-5. 

.£©*£•&:££:, Fe©-«SCoTK»bTSi2(Fe.Co) 17 
Sfttt/Fe-Co ^tltD, ±ifi©7C*»7?«lftbfc 
D bTfc ct^b.' Sm©-«£«©tf±«i7G*T«ifebT 

[0015] S&&ttfBA* (Nd, M2) Yt^mm t> L < tt (Nd, 
M2) (Fe. Co)x SlflS*©*^. Il©£fl;ttffl©S£&<& (N 
d.M2)Fex-fb^»c , PViTttNdFe2 . Nd2Fen fc£*2 7C^ 

*3tffltrai;«6ft«iis«-r* "&©©«, 1-7 ti, 1-12 

<©{££***?¥« U bfc3&»r3T-t©aft»t>»*<* 

i & 0 < , Xjft«12J:0"b**V»i* »4+»*«ftS 
3Ertt*#bt<V5. (Nd, M2)Fex^ 

A:«i©xtt5^x^i2©ieH*«a*b^. a^cifcfiBttffi 

t>bcc-Fel'K^$n-r. Fe-M2 Fe-M2 &MMft; 

^ffCfT^feCTa&O, S6>tFe©— gE^CoT'S^bT (N 
d, M2) (Fe, Co) x ^<t#l/Fe-Co (Nd, M2) (Fe. Co) X 

SflS«/Fe-Co-M2^-&. (Nd, M2) (Fe, Co) X Sfl3«/Fe-C 
o-M2*JWKMb^*3&i: tbfcO, *fc±56©7C*»Tr« 
mbfeObTfectV^b, Nd©-^<&ft!l©^±«7C^1ra 
ilTUK JH^W&fSSVX-D^Vfntf, (Nd, z 
r) Fe7^{bi5/bcc-Fe. (Nd, Zr) Fe7^{b^/Fe-Zr , (N 

d, Zr) Fe7^{fc^)/Fe3Zr , (Nd, Zr) (Fe, Co) 7 mtM/Ye. 
-Co , (Nd, Zr) FegSrtS^/bcc-Fe. (Nd. Zr) (Fe, Co) 9 £ 
-ffctl/Fe-Co , (Nd, Zr)Feio ^ft^/bcc-Fe, (Nd, Zr) 
(Fe, Co) H)3Mb*/Fe-Co , (Nd, Zr)Fei2 fift«i/bcc-F 

e, (Nd. Zr) (Fe, Co) tffiffctt/Fe-Co . (Nd, Nb) Fe7^{k 
(ft/bcc-Fe, (Nd, Nb) (Fe, Co) 7 S{k%/Fe-Co , (Nd, N 
b) Fei2 ^fb*/bcc-Fe, (Nd, Nb) (Fe, Co) i2$^b^/Fe- 
Co , (Nd, Hf) Fe73fb#l/bcc-Fe, (Nd, Hf) (Fe, Co) 7 £ 
•ffcft/Fe-Co . (Nd, Hf)Fei2 SEfttt/bcc-Fe, (Nd, Hf) 
(Fe, Co) \imt®/?t-Zo &i:**»<5j&«i:n6tlfi3£S 
n^fc©Ttt^Eti. 

[0 0 16] 5ftft:frffi£L'riHMEn— 7^7 7h 

ErtEo-;UteCJ;ftii»»flfttlBffi'PAoaH©av» l b 

©^#€>n5. CuS>n-;i/©iI-&10iii/s £A±. 50m/s ^ 
T©n-;Wfiflr-pA»ftWtt*»#6n$. lOm/s *}^T 
^T^U^yXWia^^tf^Ct^T^-r, 50m/s Srj@ 
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-AZftoJSfe mmeB6 0 - 1 0 0 4 0 2*f&*8# 
M) . Jfttiinxffi (<M»6. H*«ffl«»*#Kl2, (19 
88)219) , ^y^Elft H*«ffl«ft^tt 
16, (1992) 147)', «»JE£fUJlL;fc#ffi (tt&¥7-8 

715 6*£?s#!iB) *£ji*ffl^6n<&. cn&ttivr 

H 6 nT * fc %> © T!* * Nd2Fe i4B{fc^MHfflfifc =fc 0 

n"b««ttffl©ft**na*«fc o %>*±*s© 

^j&^ffifiKTJ&O. bcc-Fe, Fe-Co 
ffl£10 



■£***ffflK#ttU *"3««ttffi©«fl:*8tt*»-*i^ 
6K^©;t;^«5*»IM-*ll4:H«fcD. S*1±^^ 

*«f»tji^»-rnji««rtt©#> H«5*f^«-r* 

[0 0 17] 

KStwraa*. *58WJ±:in6tifi«*ns , b©T! , «& 

(SUSEtf) 1-16) &M&m*m; l K:*-rBfj£»J«£fc 



(5) 

*5£yXJM^K:AnTAr3Ma+T*Hito«BU 45m/ 
s ©WjiftTig<EbTV»5Cu»0— ;U±K»ttlbT3Bl?& 

©*aT©t»"fii*»T?jftmiinibfc. &*®©#i£tt* 

® Ar^Hfi+shy H^U^THflia. BtfArSBSi* 
© Cu»««fc:*i*ly, Ar»H««t»TiB*SLfc«, ?V 
io <D Cu»g»k:#»U N2 SHfi'f'TMIftLTSMblfe 

in:, a«i/fc*tt©#^R^-€-©^p©«naafi«* 

flfE-ra. f^Smii»©l*ia5fflM^ TEMtKtt SEMS 

©#ffi^5S^-r^iifc(C, ^©fWajtJpSfiJSLfc. 
aaS*14©f"JStt, StTj^tdW 0 IB L&tt»fc20 kOe 

«*aupbfct*©flEi8*i*i©afl;©**s ipit. be 

*8fcSBft#f6]T©fi&ffc;©;*:£3 I al©^ I al/ 1 pi 1 - 
tfc Ofj-^fto I al/ I P i©ffi#*S^ 

fl*bfc»*S14k0e«a«f l:W77-f H© 
£ * ©^« LTTfr^lflJR Sifc&lS] £20 k oea* 
9Jlnibfci*©«fl:©^:#S Ip2» I . & 2©Jt I \%/ I P 2 
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/Ipi 






® 


650 


0.60 


0,55 


0.83 


2 


NdiFeTaBia 


® 


750 


0.85 


0.88 


0.88 


H2S« 3 




® 


900 


0.18 


0. 58 


0.55 




NdaFearBs 




700 


0.22 


0. 52 


0.49 


Xttffl 5 


NdaFeTTCoioEt 


® 


600 


0.24 


0.45 


0.44 


mmm b 


Nd G Fe eB Co lo Ba 




750 


0.50 


D.35 


0.34 






® 


1000 


0.31 


0.50 


0.49 


Hifcfll 3 


SnrFeisCoao 


® 


10Q0 


0.25 


0.55 


0.56 


Hffift] 9 


SauFeeaTi^ 


® 


900 


0.42 


0.51 


0.49 


Xttfflll 0 


SmsFeaoCoiaTis 


® 


900 


0.30 


0.76 


0.76 
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SmsFeaeUoio 


® 


900 


011 


0.88 


0.85 




SBuFearSiaOla 
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850 


0.25 


0.77 


G.75 




SnaFe» 4 -N« 
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600 


0.53 


D.81 


0.82 


»N14 


SmFeaoCOia-Nx 


® 


GOO 


0.50 


0.84 


0.84 




IWTZr^Feas-Rx 


® 


E00 


0.21 


0.93 


0.91 
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600 


0.29 


0.88 


0.86 


\tnm i 


NduFeaaBs 




850 


0.18 




0.98 
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mm%ft 850 , CT'jbP^tfe<7)*TH?>ffiSSiPX$:fi : t)75: 
3. 0. ««R*ttttB»6nft*ofc. 
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